ABSTRACT
MATERIAL AND METHODS

95
Specimens and digitisation
96
For this study, the skull of Psittacosaurus lujiatunensis (IVPP V12617, Institute of
97
Vertebrate Paleontology and Paleoanthropology) (Fig. 1A) was CT scanned at IVPP in
98
Beijing, where the specimen is housed. This specimen was first described as an adult 99 paratype of Hongshanosaurus houi (You and Xu, 2005) . Hongshanosaurus is a second 100 nominal genus within the Psittacosauridae, the holotype of which is a juvenile skull,
101
distinguished from Psittacosaurus by having an elliptical orbit and lower temporal fenestra 102 with the major axis oriented caudodorsally (You et al., 2003 Firstly, depressions or ridges indicative of muscle attachment sites were identified, paying 137 attention to the topology implied by adjacent muscle attachments (Lautenschlager, 2013) .
138
Secondly, study of muscle attachments in extant archosaurs allowed for identification of 139 homologous muscles, which have previously been identified in the adductor chambers of 140 many non-avian dinosaurs (Holliday, 2009 ). Finally, two additional muscle attachments were 141 labelled, m. adductor mandibulae externus ventralis (mAMEV) and m. pseudomasseter 142 (mPSM), following a previous reconstruction (Sereno et al., 2010) , tested in the present 143 study.
144
The attachment and origin sites were labelled in the dorsoventral plane using the 145 selection tool in AVIZO and the selected areas were interpolated between to produce a 146 straight-lined approximation of muscle position. These were adjusted in shape to prevent 147 cross-cutting of bone or other muscle surfaces, and then iteratively increased in size to fill the 148 whole adductor chamber (Fig. 3) .
150
Muscle and bite forces 151 Muscle volumes (Table 1) were measured using the AVIZO material statistics module 152 and three dimensional lengths for each muscle were measured using the AVIZO measurement 153 tool. Cross-sectional areas were then calculated for each muscle using equation 1, and 154 estimates of muscle force (Table 1) were calculated by multiplying cross-sectional area by an 23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 
Geometric morphometric analysis
220
We used a geometric morphometric (GMM) approach to quantitatively compare 
RESULTS
248
Musculature descriptions 249 m. adductor mandibulae externus (mAME) group (Fig. 3) 
250
The mAME group includes three muscles, the m. adductor mandibulae externus the squamosal, and inserts on the caudal most aspect of the coronoid process (Fig. 3A , B, C). The mAMI group includes the m. pseudotemporalis superficialis (mPSTs), the m. Muscle volumes and forces were calculated for each muscle (see Table 1 ). The initial muscle force). Together, these two ambiguous muscles account for a relatively small 296 proportion of muscle force. However, due to their anterior position, the effect on the lever 297 mechanics of the jaw will be relatively great.
298
Of the three major muscle groups, the mAMI group (mPTd, mPTv, and mPSTs) has 299 the smallest contribution to total muscle force at just 15%. The mAME group (mAMES, 300 mAMEM and mAMEP) has the largest contribution to total muscle force, making up 44% of 301 total muscle force when all muscles are active.
302
The reaction forces measured from the solved finite element model for the standard with the inclusion of mPSM and mAMEV. The effect of these muscles is considerably less 312 drastic when measured on the mandible, with an increase of 12.9 N (from 30.7 N to 43.6 N). Thus, suggesting that mPSM has a greater effect on the posterior end of the tooth row,
321
whereas mAMEV has a greater effect at the anterior end of the skull. The finite element models which included the hypothesised pseudomasseter muscle 348 showed greater stress distributed across the skull (Fig. 5B, F, J) . Again, the posterior-most The inclusion of the hypothesised mAMEV muscle causes an increase in the stress 360 induced in the skull compared to the mStd musculature model (Fig. 5C, G, K) . The addition 
438
The proposed novel muscles, mPSM and mAMEV are reconstructed on a hypothetical Psittaciformes.
446
The second novel muscle reconstructed in psittacosaurs, the mAMEV is only (Sereno, 2012) . By the authors own admission, the 461 reconstruction of this muscle in Heterodontosaurus is speculative.
462
The musculature reconstruction of P. gobiensis, tested within this study, is only dimensions (see Fig. 3 ), the constraints of the skull upon muscle topology are more apparent. lengths, and consequently the maximum active tension that can be produced will be 471 significantly diminished (Gordon et al., 1966a (Gordon et al., , 1966b Lautenschlager, 2015) .
473
Analysis of FEA/GMM results
474
The FEA/GMM results show several key points: (i) the mandible is more affected by 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 Moreover, the beak shape of parrots is considerably more sharp and pointed than that 536 of psittacosaurs, meaning that the force that could be applied at the beak is concentrated over This pattern is contrary to that hypothesised by Sereno et al., (2010) , in which psittacosaurs 545 are using the beak to crush nuts or hard seeds. 
CONCLUSIONS
557
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